transport. Procedures for the comparative assessment of new fuels are outlined and the findings for leading candidate materials discussed.
Professor Martinez-Val from Madrid, Spain (Editor, Part G: Journal of Aerospace Engineering ), and his co-author have contributed a major account of engineering and materials developments in aeronautics and astronautics in the 20th and early 21st centuries. The review is presented against a backcloth of the underlying technological, political, and economic drivers involved in these impressive developments. Major topics discussed include engineering science aspects of aerodynamics, embracing enormous developments in computational fluid mechanics, aeroelasticity, air transportation, avionics and systems, environmental issues, flight mechanics, materials, design optimization, propulsion, structures, aircraft, and astronautics. The review is supported by an impressive list of references, which should provide a useful background for readers entering or already active in the field.
Computational fluid dynamics (CFD) has played a major role in several fields in recent times. The impact of CFD upon developments in the analysis and design of internal air systems of turbomachinery were noted in the first anniversary special issue (C1 2009) by Professor Chew, a member of the Part C Editorial Board. Recent advances have promoted interest in virtual aero-engine modelling. Professor Chew and his co-author return to address this topic and look into their crystal-ball. It is argued that although further advances can be expected in this area, current limitations, costs, the fidelity of CFD simulations, and the need to integrate fluid and solid mechanics aspects of the system, will delay the emergence of fully acceptable virtual engine modelling for many years to come.
A historical review of the development of dynamic analysis is considered by Professor Rahnejat (Editor, Part K: Journal of Multi-body Dynamics) and his co-authors. The dynamics of most mechanical systems respond to a macro-scale approach, but when system characteristics such as elasticity, noise, and vibration are significant, an alternative approach has to be considered. The well known phenomenon of 'clonk' in automobile drive-lines is offered as a practical illustration of the issues involved. Empirical relationships are often adopted for interactions deviating from Newtonian concepts and the term 'many-body dynamics' is introduced.
The contributions of R. E. D. Bishop, third Editor of the Journal of Mechanical Engineering Science, to the field of vibrations in rotating machinery (C1 1959) were recognized in the first of our anniversary Special Issues. His work not only advanced analysis of such phenomena as balancing and whirling of shafts, but also promoted much work on the stiffness and damping characteristics of the supporting fluid-film bearings. Professor Burrows (Editor, Part I: Journal of Systems and Control Engineering ) and his co-authors bring together an outline of recent developments in the dynamic analysis of rotating machinery and tribological studies of the operating characteristics of new bearing forms. The merits and operating characteristics of plain and rolling element journal bearings, variable stiffness hydrostatic bearings, foil bearings and, more recently, magnetic bearings are noted, together with an account of the introduction of squeeze-film dampers. Such considerations have encouraged new approaches to active vibration control. Progress towards 'smart' rotating machinery makes fascinating reading.
A notable development throughout the first half-century of JMES has been the impressive introduction of polymeric materials into the armoury of product designers and manufacturers. During this time, the significance of fracture toughness gradually emerged alongside the well identified roles of friction and plasticity in material cutting processes. The concept of machining and cutting of polymers and the role of fracture toughness is reviewed by Mr Patel and his co-authors in the paper representing engineering materials. Professor Williams and his colleagues have previously discussed the role of fracture toughness in polymer cutting and in their current paper they demonstrate that the fracture toughness of polymers can be ascertained from analyses of results from orthogonal cutting tests. The background analysis assumes yielding on a shear plane, but does not call for an initial identification of the coefficient of friction. Analysis of the experimental cutting results for polymers based upon a force minimization technique yields good estimates of the rake angle.
Studies of mechanisms have flourished during the first half-century of this journal. In the present issue, the topic normally found in Section 9 of JMES is represented by a contribution from Dr Gosselin and his colleagues in the Département de Génie Mécanique, Université Laval, Quebec, Canada. The topic considered is that of adaptive gravity compensation of manipulators using a passive hydraulic transmission. Readers are reminded of that most famous statically balanced mechanism, the Anglepoise lamp, invented in 1931. A method of approaching the design of more substantial gravity compensated parallel or serial manipulators is outlined.
Engineering progress during the past half-century has unfortunately been accompanied by a number of highly regrettable calamities, some related to accidents or terrorist attacks, but others attributable to system reliability. Greater emphasis is now being placed upon system reliability in the design, manufacture, and operation of engineering equipment and structures. As Editor of Proceedings, Part O: Journal of Risk and Reliability, Professor Andrews has reviewed significant advances in this most important field in a paper which should be of interest to engineers in all disciplines. He notes that major fatal events have taken place at sea, on railways, in the air and space, in the chemical, oil, gas, and nuclear industries. Areas of likely developments and future progress in this wide field are proposed.
The subject of bio-mimetics is essentially a child of the late 20th century, although the word has been attributed to Otto Herbert Schmitt . A widely accepted definition is: 'the concept of taking ideas from nature and implementing them in another technology such as engineering, design, computing, etc.'. Fifty years ago, engineers were largely unaware of the subject, but an increasing number of papers have appeared in the Proceedings of the Institution of Mechanical Engineers, including Part C, in recent years. Two members of the Editorial Board of Part C have tackled different aspects of this fascinating field. Professor Gebeshuber of the Universiti Kebangsaan Malaysia and the Vienna University of Technology sees it as an example of the increasing dissolution of disciplines and with her co-authors has prepared a wide ranging crystal-ball anticipation of developments in the field in the next fifty years. Professor Pham and his co-author, both of Cardiff University, show how the Bees Algorithm, which models the foraging behaviour of honey bees, can solve optimization problems. There seems to be little doubt that engineers still have much to learn from nature's solutions to problems ranging from structures, mechanics, and design to materials, tribology, and swarm intelligence.
Professor Evans (Editor, Part J: Journal of Engineering Tribology) and his co-author, Professor Snidle, member of the Part C Editorial Board, have examined the present state and likely trends in the field of elastohydrodynamic lubrication (EHL). This topic featured extensively in the initial anniversary issue. Recent work at Cardiff demonstrates that the impressive growth of computing power in recent years has enabled EHL analysis to be applied to realistic models of a number of practical machine elements. In the crystal ball section of their paper, the authors suggest that applications awaiting attention include hip prostheses, worm gears, and spline fretting. Some of the potential applications will call for even further advances in computing scale and power. This must walk hand-in-hand with realistic modelling of global and local elastic deformations, surface topography, wear mechanisms, and debris behaviour (about a million wear particles can be released with each step taken by a patient with some metal-on-metal hip replacements), the rheology of lubricants together with the physics and chemistry of boundary lubrication and tribo-corrosion. All this will take place against increasing concern for more efficient, totally new, and environmentally acceptable machines. Fascinating challenges await tribologists in the next fifty years! The closing paper introduces the subject of power ultrasonics. Most readers will probably associate this topic with ultrasonic cleaning, but Professor Lucas, member of the Part C Editorial Board, and her colleagues in Glasgow outline some impressive advances in the fields of metal joining and shaping, surgical devices, and cavitation cells. Clear reductions in flow stress occur under ultrasonic vibrations, thus promoting much interest in relation to metal forming. Major applications in medicine arise in hard tissue dissection, using ultrasonically vibrating scalpels, and tissue ablation. Advantages have also been claimed for power ultrasonics over conventional rotary drills in oral implantology. The authors present an account and assessment of several potential applications for power ultrasonics.
Papers which review selected fields of mechanical engineering science and then anticipate future developments pose enormous challenges to authors. They are nevertheless of great merit for experienced research workers and engineering practitioners alike. Young and new entrants to the field find such works of immense value. I would like to offer my sincere appreciation to the authors for their contributions to this second 50th anniversary Special Issue of Part C. I hope that they will find the end product to their liking. The work of referees is greatly valued and appreciated. The final form of this Special Issue could not have reached fruition without the highly supportive and professional staff of Professional Engineering Publishing Limited on behalf of the Institution of Mechanical Engineers and to them I offer my personal appreciation.
Many other topics could have been covered in this Special Issue and the papers presented are thus representative, rather than comprehensive, accounts of progress. The immense satisfaction to be found in mechanical engineering science is clear to see.
The vision and experience of all authors, including several Editors of other Parts of the Proceedings and members of the Editorial Board of Part C, have provided a fascinating collection of papers.
It has been a great privilege to act as Guest Editor of this Special Anniversary Issue of Part C.
Duncan Dowson Research Professor School of Mechanical Engineering
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